Background: Air pollution is a serious threat to children health. Given that children spend over 80% of their time indoors, understanding transport of pollutants from outdoor to indoor environments is important for assessing the impact of exposure to outdoor pollution on children health. The most common advice given during a smoke pollution episode is to stay indoors. How well this works depends on how clean the indoor air is and how pollutants from outdoor air contribute to pollutants load in indoor air. 
BACKGROUNDS
Fine particles (FP, aerodynamic diameter 0.1 -2.5 micron), polycyclic aromatic hydrocarbons, sulfur and nitrogen oxides, benzene, mercury and other pollutants emitted by fossil fuel combustion (coal-burning power plants, waste incinerators, and diesel and gasoline-powered vehicles) have been variously linked to infant mortality, lower birth weight, deficits in lung function, respiratory symptoms, childhood asthma, developmental disorders, and cancer [1] [2] [3] [4] [5] [6] [7] [8] .
A recent analysis of 200 scientific articles showed that ultrafine particles (UFP, aerodynamic diameter less than 0.1 micron) are more powerful than the coarse particle fraction (CP, aerodynamic diameter 2.5 -10 micron) and FP in inducing adverse effects to human health [9] . Unfortunately, the study of mechanisms of action of these particles presents particular difficulties because of the large number of chemical and biological mechanisms that come into play in the body after exposure to ultrafine particles.
High concentrations of UFP near major freeways have been reported recently [10] [11] [12] [13] . These results imply increased exposure to harmful pollutants in areas close to such hot spots.
Pollutants of outdoor origin, including those present in the outdoor air and those released from soil sources, can be transported indoors via building openings and cracks [14] [15] [16] .
Many urban residences and business are located in close proximity to busy roadways. Consequently, indoor environments in urban areas may experience significant concentrations of outdoor fine and UFP, exposing tenants to potentially toxic pollutants.
On average, the UFP number concentrations contribute more than 90% of the total particle number concentrations in the urban atmosphere and about 70% -80% in the suburban atmosphere. Close to a major road, the total particle number concentrations may consist of 95% of UFP [17] .
Ozone (O 3 ) is a polluting gas not emitted directly into the air, but at ground-level is created by a chemical reaction between oxides of nitrogen (NO x ) and volatile organic compounds (VOC) in the presence of sunlight.
Ozone causes premature deaths, chronic bronchitis, nonfatal heart attacks, hospital and emergency room vis-* Corresponding author.
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its, acute bronchitis, upper and lower respiratory symptoms, and worsening asthma [18] .
Children spend most of their time approximately 80% indoors and consequently the level of indoor pollution can be critical in determining the total exposure of a child to air pollutants [19] , nationwide initiatives to evaluate such indoor air quality (IAQ) were developed in the USA [20] .
Stay indoors as much as you can during days when pollution levels are high is the most common advice given during a smoke pollution episode [21] . How well this works depends on how clean the indoor air is and how pollutants from outdoor air contribute to pollutants load in indoor air.
OBJECTIVES
To assess the burden to indoor air pollution from outdoor source of UFP and O 3 based on the scientific literature.
METHODS
Medline/EMBASE search was performed for studies evaluating the indoor-to-outdoor particle concentration ratios of two main pollutants: UFP and O 3 . We retrieved 24 articles but considered relevant only five.
RESULTS
The relationship of indoor to outdoor concentrations for UFP and O 3 have complex characteristics but also have been fairly well studied.
The infiltration factor (INF), defined as the equilibrium fraction of ambient particles that penetrate indoors and remain suspended and the indoor to outdoor (I/O) ratios defined as the ratios of the indoor aerosol particle concentrations to that outdoors after elimination of the time-lag between their temporal variations, are used to investigate the relationship between indoor and outdoor aerosol UFP particle concentrations. Five parameters control both the INF and I/O ratios: outdoor UFP concentrations, the air exchange rate between the indoor air and the outdoor air, the deposition rate of aerosol particles, particle physico-chemical characteristics, and the penetration factor.
Although experiments have been performed to investtigate penetration properties of sub-micrometer particles, these laboratory-based studies have assumed that particles are spherical and rigid [22] . Results indicated that particle size and dimensions of cracks in deteriorated buildings were the most important factors determining particle penetration. The latter is particularly disturbing because most of poor people lives in old building with cracks and old windows.
The time-lag between the temporal variations of indoor and outdoor particle number concentrations can be neglected in the I/O analysis when the ventilation rate is relatively high (>2 h −1 )·s. However, in naturally ventilated dwellings the ventilation rate is not constant and therefore the time-lag is variable in time [23] and is about of 0.5 -3 h [24] .
I/O ratios showed a strong dependence on particle sizes and were influenced by different ventilation mechanisms. The penetration factor (PF) is the most important factor in the indoor-outdoor relationship of aerosol particle concentrations. Under infiltration conditions with air exchange rates ranging from 0.31 to 1.11 h −1 , the highest I/O ratios (0.6 -0.9) were usually found for larger ultrafine particles (70 -100 nm), while the lowest I/O ratios (0.1 -0.4) were observed for particulate matter of 10 -20 nm [25] . The size distributions of indoor aerosols showed less variability than those of outdoor aerosols.
O 3 is a highly reactive pollutant, and for this reason I/O ratios vary according to air exchange and may be 0.6 -0.8 for interiors with ventilation systems having a large volume exchange with outdoor air, 0.3 -0.4 with conventional air conditioning systems, and as low as 0.02 -0.2 with restricted ventilation or charcoal filter systems [26] .
CONCLUSIONS
In the absence of indoor sources or activities, indoor particles originate from outdoors and their number concentrations were found to follow similar temporal variations as those encountered outdoors [17] . The ratio between indoor and outdoor concentrations is highest for ultrafine particles. The common advice given during a smoke pollution episode to stay indoors can reduce pollutant exposition but may mislead members of the public into thinking that there are no pollutants risk for children (as for other groups at risk) if they are indoor when in fact pollutants levels are high and it is well accepted that there is no "safe" threshold for fine/ultrafine particles below which no health effect occurs [26] .
Globally, indoor air pollution from solid fuel use is responsible for 1.6 million deaths due to pneumonia, chronic respiratory disease and lung cancer, with the overall disease burden exceeding the burden from outdoor air pollution fivefold [27] . The quote of this health burden caused by indoor air pollution from outdoor air pollution is unknown.
A more strong intervention at reducing pollutants exposure by decreasing fossil fuel combustion processes, the main cause of UFP, should be endorsed by all countries.
